We investigated associations between family history of diabetes (FHD) and hemoglobin A1c (HbA1c) level, among people with and without diabetes. Materials and Methods: In total, 7031 people without diabetes and 1918 people with diabetes who participated in the Dong-gu Study were included. Data on FHD in first-degree relatives (father, mother, and siblings) were obtained. Elevated HbA1c levels in people without diabetes and high HbA1c levels in people with diabetes were defined as the highest quintiles of HbA1c ≥5.9% and ≥7.9%, respectively. Results: In people without diabetes, the odds of elevated HbA1c levels [odds ratio (OR) 1.34, 95% confidence interval (CI) 1.13−1.59] were significantly greater in people with any FHD than in those without. Specifically, the odds of elevated HbA1c levels in people without diabetes with an FHD involving siblings were greater than in those without an FHD involving siblings. Additionally, in people with diabetes, the odds of high HbA1c levels (OR 1.33, 95% CI 1.02−1.72) were greater in people with any FHD than in those without such history. Moreover, people with diabetes with maternal FHD had increased odds of high HbA1c levels. Conclusion: FHD was associated not only with high HbA1c levels in people with diabetes, but also with elevated HbA1c levels in people without diabetes.
INTRODUCTION
Diabetes is a major public health issue worldwide, and the prevention of diabetes improves quality of life and reduces financial burden on patients, their families, and society. 1, 2 Thus, the early detection of people without diabetes at high risk for diabetes is important. People who are identified as being at high risk of diabetes should undergo regular screenings. 3 Additionally, it is important to identify people with diabetes who should be more concerned about glycemic control and to manage them appropriately, thereby reducing the risks of diabetes complications and mortality. 4, 5 Family history of diabetes (FHD), which reflects both genetic susceptibility and environmental influences shared by families, 6 is a well-known risk factor for diabetes. FHD is independently associated with the prevalence and incidence of diabetes in the general population, although the degree of association varies by race and country. [7] [8] [9] [10] [11] FHD is also associated with earlier onset of diabetes, 12 often resulting in worse glycemic control. 13, 14 Therefore, assessing FHD is a useful screening tool for diabetes due to its low cost and accuracy. 6, 11 Many epidemiological studies have reported an association between FHD and an increased prevalence or incidence of diabetes; however, [6] [7] [8] [9] [10] 15, 16 evidence of an association between FHD and blood glucose concentration in people with diabetes, or in the general population without diabetes, is insufficient. Moreover, there have been few studies on the association of FHD and blood glucose concentration in Asian populations, especially Koreans. The impact of FHD on blood glucose management would be expected to vary between races and countries. Therefore, in a large community-dwelling population in Korea, we assessed whether FHD is associated with elevated hemoglobin A1c (HbA1c) levels in both people with and without diabetes. We further investigated the association between an FHD in individual first-degree relatives (fathers, mothers, and siblings) and HbA1c in people with and without diabetes.
MATERIALS AND METHODS

Study population
The study population consisted of community-dwelling adults aged 50 years and older who participated in the baseline survey of the Dong-gu Study from 2007 to 2010. 17 Of the 9260 people enrolled, 41 whose records lacked information on HbA1c and 270 whose records lacked information on anthropometric or laboratory measures were excluded. The remaining 8949 people were categorized as those without diabetes (n=7031) or those with diabetes (n=1918). Diabetes was defined as fasting plasm glucose (FPG) ≥126 mg/dL or HbA1c ≥6.5% or having been prescribed an anti-diabetic medication. All participants provided informed consent, and the study was conducted in accordance with the guidelines of the Declaration of Helsinki. The study protocol was approved by the Institutional Review Board of Chonnam National University Hospital (IRB no. I-2008-05-056).
Family history of diabetes
Data on the FHD of the participants were collected by trained staff using standardized questionnaires. The presence of diabetes in first-degree relatives, including fathers, mothers, and siblings, was identified. If any first-degree relatives had diabetes, the subject was considered FHD-positive; if none had diabetes, the subject was considered FHD-negative. The relatives affected were also recorded and assessed separately, as history of diabetes in father (fHD), history of diabetes in mother (mHD), and history of diabetes in siblings (sHD). Participants were additionally categorized based on the combination of fHD, mHD, and sHD, as follows: none, father only, mother only, siblings only, father and mother, father and siblings, mother and siblings, and father, mother, and siblings.
Venous blood samples were extracted from all participants after at least a 12-hour overnight fast. Serum was separated onsite within 30 min using a high-speed cold centrifuge, and the remaining samples were cryopreserved at -70°C until analysis. HbA1c levels were analyzed by high-performance liquid chromatography using a VARIANT II system (Bio-Rad; Hercules, CA, USA). FPG was measured using an enzymatic technique with an automated analyzer (Hitachi-7600, Hitachi Ltd., Tokyo, Japan). Elevated HbA1c levels in people without diabetes and high HbA1c levels in people with diabetes were defined as the highest quintiles of HbA1c ≥5.9% and ≥7.9%, respectively.
Covariates
Data on demographic characteristics, smoking habits, alcohol consumption, and medications were collected from each subject by well-trained interviewers using standardized questionnaires. Education level was classified as elementary school or lower, middle or high school, or college or higher. Smoking status was classified as never smoking, former smoking, or current smoking. Drinking amount was classified as none, ≤1 drink/ day, >1 and ≤2 drinks/day, >2 and ≤4 drinks/day, or ≥4 drinks/ day. Prescriptions for medication to treat hypertension and dyslipidemia were noted for all patients. Prescriptions for medication to treat diabetes and diabetes duration were additionally noted for people with diabetes.
All participants received a standardized physical examination performed by well-trained research staff members. Height and weight were measured while lightly dressed without shoes. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ). Blood pressure was measured using a customized cuff and a mercury sphygmomanometer in the right arm after individuals rested for 5 min in a sitting position. The readings obtained from three consecutive measurements of systolic blood pressure (SBP) and diastolic blood pressure were recorded at 1-min intervals, and the mean value was used for the analysis. Lipid profiles, including total cholesterol, highdensity lipoprotein (HDL) cholesterol, and triglycerides, were assessed using enzymatic techniques and an automated analyzer.
Statistical analysis
All analyses were performed separately for the non-diabetes and diabetes groups. The general characteristics of the study population according to presence of an FHD were compared using Student's t-test for continuous variables and the χ 2 test for categorical variables. Differences in the proportions of people without diabetes with elevated HbA1c ≥5.9% and the proportions of people with diabetes with high HbA1c ≥7.9% ac-cording to the presence of any FHD or individual history of diabetes were compared using the χ 2 test.
Multiple logistic regression analysis was used to evaluate the associations of FHD with elevated HbA1c levels (≥5.9%) in people without diabetes and high HbA1c levels (≥7.9%) in people with diabetes. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were estimated by FHD status. All analyses were performed in sequential order in three models: model 1 was unadjusted; model 2 was adjusted for age, gender, and education; model 3 was further adjusted for BMI, waist circumference, smoking status, alcohol consumption, hypertension medication, dyslipidemia medication, SBP, total cholesterol, HDL cholesterol, and triglycerides; and model 4, for people with diabetes only, also included diabetes duration and diabetes medi- 
RESULTS
Characteristics of the study population according to FHD
The characteristics of people with and without diabetes according to the presence of an FHD are shown in Table 1 . Among the 7031 people without diabetes, 985 (14.0%) reported an FHD. Additionally, people without diabetes with an FHD tended to be female, younger, and non-smokers and to have a higher BMI, lower SBP, higher total cholesterol, and a higher level of education. Among the 1918 people with diabetes, 552 (28.8%) reported an FHD. People with diabetes with an FHD tended to be female and younger and to have smaller waist circumferences, higher levels of education, and longer diabetes duration; they were also more likely to have been prescribed dyslipidemia or diabetes medication.
Prevalence of an FHD
The frequencies and proportions of people with an FHD among people with and without diabetes are shown in Table 2 . Among those without diabetes, 6046 (86.0%) had no FHD, 903 (12.8%) had one family member with diabetes, and 82 (1.2%) had two or more family members with diabetes. The proportions of those without diabetes with an fHD, mHD, and sHD were 1.9, 3.5, and 9.8%, respectively. Among those with diabetes, 1366 (71.2%) had no FHD, 467 (24.4%) had one family member with diabetes, and 85 (4.4%) had two or more family members with diabetes. The proportions of those with diabetes with an fHD, mHD, and sHD were 4.0, 7.9, and 21.8%, respectively.
Prevalence of higher HbA1c levels according to FHD
Among people without diabetes, those with an FHD were significantly more likely than those without such history to have elevated HbA1c levels (20.9% vs. 18.3%). Among people without diabetes with an FHD, elevated HbA1c levels were significantly more prevalent only among those with an sHD, compared with those without an sHD. Among those with diabetes, those with an FHD were significantly more likely than those without to have high HbA1c levels (27.7% vs. 17.9%). Among people with diabetes with an FHD, high HbA1c levels were significantly more prevalent in those with an mHD and sHD than in those without an mHD and sHD ( Table 2) .
Associations of FHD with HbA1c levels in people without diabetes
People with an FHD had significantly higher adjusted HbA1c levels (5.59% vs. 5.54%) than people without (p<0.001). Adjusted HbA1c levels were significantly higher among people , hemoglobin A1c; FHD, family history of diabetes; fHD, history of diabetes in father; mHD, history of diabetes in mother; sHD, history of diabetes in siblings. Model 1 was unadjusted. Model 2 was adjusted for age, gender, and education. Model 3 was further adjusted for body mass index, waist circumference, smoking status, alcohol consumption, medication to treat hypertension, medication to treat dyslipidemia, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, and triglycerides plus model 2. Data are presented as odds ratio (95% confidence interval).
without diabetes with an sHD than among people without (p=0.005). Additionally, the adjusted HbA1c level was significantly higher for people without diabetes with an mHD than for those without (p=0.021) (Fig. 1A) .
For people without diabetes, the ORs (95% CI) for elevated HbA1c by FHD status are shown in Table 3 . In models 1, 2, and 3, the odds of elevated HbA1c were significantly higher in people with an FHD (OR 1.34, 95% CI 1.13−1.59 in model 3) than in those without. In analyses of individual FHD, the odds of elevated HbA1c were significantly higher only for people with an sHD (OR 1.34, 95% CI 1.11−1.63 in model 3). In the analysis by FHD classification presented in Table 4 , the odds of elevated HbA1c were significantly higher (OR 1.35, 95% CI 1.10−1.66) only in the comparison between people with a diabetes history of siblings only and FHD-negative people.
Associations of FHD with HbA1c levels in people with diabetes
People with diabetes with an FHD had significantly higher adjusted HbA1c levels (7.23% vs. 7.09%) than did people without (p=0.032). Adjusted HbA1c levels were significantly higher in people with an mHD than in people without (p=0.003) (Fig. 1B) .
The ORs (95% CI) for high HbA1c in people with diabetes are shown in Table 5 . In models 1, 2, 3, and 4, the odds of high HbA1c were significantly higher in FHD-positive than in FHD-negative people. In a fully adjusted model (model 4), the odds for high HbA1c (OR 1.33, 95% CI 1.02−1.72) in people with an FHD were still higher than in those without, although the magnitude of the OR decreased slightly, compared with the ORs in models 1 to 3. In analyses of individual FHD, the odds of high HbA1c (OR 1.77, 95% CI 1.19−2.62 in model 4) , hemoglobin A1c; FHD, family history of diabetes; fHD, history of diabetes in father; mHD, history of diabetes in mother; sHD, history of diabetes in siblings. Model 1 was unadjusted. Model 2 was adjusted for age, gender, and education. Model 3 was further adjusted for body mass index, waist circumference, smoking status, alcohol consumption, medication to treat hypertension, medication to treat dyslipidemia, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, and triglycerides plus model 2. Model 4 was further adjusted for diabetes duration and medication to treat diabetes plus model 3. Data are presented as odds ratio (95% confidence interval). Data are presented as odds ratio (95% confidence interval). *Adjusted for age, gender, education, body mass index, waist circumference, smoking status, alcohol consumption, medication to treat hypertension, medication to treat dyslipidemia, SBP, total cholesterol, HDL cholesterol, and triglycerides, † Adjusted for age, gender, education, body mass index, waist circumference, smoking status, alcohol consumption, medication to treat hypertension, medication to treat dyslipidemia, SBP, total cholesterol, HDL cholesterol, triglycerides, diabetes duration, and medication to treat diabetes.
were significantly higher in people with an mHD than in people without an mHD, in all models. The odds of high HbA1c were significantly higher in people with an sHD than in people without an sHD in models 1-3, although these associations were not statistically significant after further controlling for diabetes duration and diabetes medication (model 4). In the analysis performed according to FHD classification, as presented in Table 4 , the odds of high HbA1c levels (OR 2.23, 95% CI 1.35−3.70) were significantly higher only for people with a history of diabetes in their mother only, compared with those without an FHD.
DISCUSSION
This study of a large community-dwelling population in Korea investigated the association between an FHD and HbA1c. Our results show that any FHD was significantly associated with elevated HbA1c levels among people without diabetes and high HbA1c levels among people with diabetes, and these associations were independent of socioeconomic factors, health behaviors, and clinical indicators. In particular, an sHD among people without diabetes and an mHD among people with diabetes showed a stronger association with increased HbA1c levels.
Recent studies have shown that people with an FHD have a negative lifestyle, including greater prevalences of smoking, drinking, obesity, and metabolic abnormalities, including increased BMI, blood pressure, and lipid levels. 10 Therefore, in this study, we investigated whether FHD was independently associated with HbA1c levels after adjustment for health behaviors and metabolic parameters. A population-based study of 2059 young healthy Koreans showed that people with FHD had higher FPG than people without. 11 In line with previous studies, our study revealed that an FHD is significantly associated with increased HbA1c levels, suggesting a higher likelihood of progression to diabetes. Inadequate management of glycemic control in people with diabetes leads to macrovascular and microvascular complications, 4, 18, 19 thereby increasing the public health burden. Although many epidemiological studies have shown the association between an FHD and an increased prevalence of diabetes in the general population, until now, only a few studies explored whether an FHD is associated with glycemic levels among adults with diabetes. In line with previous research, [20] [21] [22] our study showed that people with diabetes with an FHD had higher odds of high HbA1c (OR 1.36) than those without.
There is conflicting data regarding the impact of gender on an FHD and glucose homeostasis. Our study showed a higher prevalence of diabetes in males (26.1%) than in females (18.4%). However, the proportion with an mHD was higher than that with an fHD among both those with and those without diabetes (1.9% with an fHD and 3.5% with an mHD among those without diabetes vs. 4.0% with an fHD and 7.9% with an mHD among those with diabetes). One of the reasons for the family history of maternal diabetes is reported more often than family history of paternal diabetes can be a fact that females live longer than males. Although many epidemiological studies have observed excess maternal transmission of diabetes to offspring, 23 -27 a few studies have not reported these findings. 28, 29 The Framingham Offspring Study showed that maternal and paternal diabetes equally affect the risk for offspring diabetes; however, those with an mHD were slightly more likely to have increased FPG and abnormal glucose tolerance than those with an fHD. 16 A previous Korean study suggested that both fHD and mHD were independent risk factors for offspring diabetes, whereas no predominance of an mHD was found. 29 In our study, an mHD, but not an fHD, was an independent risk factor for high HbA1c levels in the people with diabetes. Our findings are similar to the results of previous studies showing the potent effects of an mHD on offspring, although we did not find any influence of an fHD. However, there are several explanations for the greater importance of maternal diabetes. First, fetal exposure to maternal hyperglycemia during pregnancy may explain the excess maternal transmission of diabetes. 30 The mother's glucose tolerance during pregnancy may additionally influence the future development of diabetes in offspring. 31, 32 Second, maternally inherited mutations in mitochondrial DNA may play a role in the development of diabetes. 33, 34 Third, because the mother usually spends more time raising children than the father, children's lifestyle factors, including eating habits, food preferences, and other lifestyle-related behaviors, are more strongly influenced by the mother. 8 Until now, studies that assessed the association between sHD and glycemic levels in people without diabetes were very rare. This study identified the independent and combined influences of an sHD on elevated HbA1c in the general population without diabetes. Thus far, there has been only one related study, which showed a significant association between sHD and diabetes risk. 35 The mechanisms underlying this association are poorly understood, but possible explanations are as follows. First, siblings have a more similar environment persisting into adulthood than do parent−offspring pairs, 36 and childhood socioeconomic circumstances contribute to a variety of causes of disease and factors relating to death as adults. 37, 38 Second, sHD information may be better known than parental FHD information, as one is more likely to be aware of a sibling's diagnosis than a parent's. Third, one may have several siblings and, even if only one has a history of diabetes, it was counted as an sHD for this study. The prevalence of an sHD was significantly higher than the prevalence of fHD or mHD.
Recall and misclassification biases may have affected the results of the present study, because the FHD data were obtained from participants by interviewers using questionnaires. In addition, information on FHD was not confirmed by biochemical or prescription data. Recall bias is a major threat to the in-ternal validity of studies that use self-reported data. 39 Differential recall can lead to differential misclassification of the study population with regard to the exposure variable, and consequently, the estimated measure of effect size may deviate away from or toward the null value. 40 In our study, a person with diabetes was more likely to be cognizant of and remember his/ her FHD. This may lead to overestimation of the risk estimate. However, our study did not directly compare the exposure or outcome variable between those with and those without diabetes. We assessed whether the presence of an FHD was associated with higher glycemic levels among people without diabetes. In addition, we investigated whether the presence of an FHD was associated with poor glycemic control among people with diabetes. Therefore, non-differential rather than differential misclassification was potentially present, and thus the risk estimate may have been underestimated in our study.
This study has several limitations. First, its cross-sectional design does not allow us to infer a causal relationship between an FHD and HbA1c levels. Second, although people with diabetes use different types of medications, number of classes, and medication doses, we assumed that everyone who is being treated for diabetes is receiving appropriate treatment regardless of the type or dose of treatment. Since there is no detailed information on diabetes treatment in our study, it is possible that there was an error in the analysis process in diabetic patients. Third, because postprandial 2-hour glucose levels were not measured, any undiagnosed patients with diabetes could not be detected and therefore would have been misclassified as not having diabetes. Fourth, the dietary and exercise variables that potentially affect glycemic levels were not adjusted for in the analysis. Fifth, when interpreting the results regarding the effect of the diabetes status of the parents on HbA1c levels, the possibility of a difference in the reported rates of diabetes between the father and mother should be considered. Despite these limitations, to the best of our knowledge, this is the first study to investigate the associations between FHD and HbA1c levels in people without diabetes in Korea. The effects of FHD in people with diabetes have been studied extensively; however, we also confirmed that FHD is significantly associated with HbA1c even in people without diabetes. This study is also the first large community-based study of an Asian population on this topic, and we further identified and analyzed an FHD with regard to particular relatives. Moreover, compared to previous studies that primarily examined the influence of a parental history of diabetes, this study observed the effects of an FHD on HbA1c levels with regard to multiple firstdegree relatives, both individually and in combination.
In conclusion, an FHD was associated not only with high HbA1c levels in people with diabetes but also with elevated HbA1c levels in people without diabetes. Although an FHD is an irreversible risk factor, assessment of FHD is essential for the prevention and management of diabetes in the community, regardless of the current diabetes status of community-dwelling adults.
